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Thin films of ~Pb12xLax!~Zr12yTiy!12x/4O3 ~5/70/30! were deposited in situ onto ~100! Si,
Pt/Ti/SiO2/Si, and SrTiO3/Si substrates by pulsed laser deposition from stoichiometric targets and
subsequent annealing. Films grown on SrTiO3/Si exhibited desired perovskite structure. On ~100! Si
and Pt/Ti/SiO2/Si substrates, films exhibited a perovskite-pyrochlore mixed structure. Apparent Pb
deficiency at the near-surface region was observed. Films deposited at different substrates showed
variations in Si content. The buffering effect of SrTiO3 was evidenced using x-ray diffraction and
secondary ion mass spectrometry analyses. © 1995 American Institute of Physics.Ferroelectric thin films offer the potential for applica-
tions in piezoelectric, pyroelectric, optical, and radiation-
hard nonvolatile random access memories.1,2 For
PbZrxTi(12x)O3 ~PZT! and ~Pb12xLax!~Zr12 yTiy!12x/4O3
~PLZT!, a number of these properties are composition
dependent.3–5 Realization of these applications requires the
successful implementation of stoichiometric, phase pure, or
oriented thin films on technologically useful substrates such
as silicon semiconductors and metals. Previous study indi-
cates that direct synthesis of PLZT films on bare silicon or
platinum coated silicon ~Pt/Ti/SiO2/Si! is very difficult.6
Only through the use of targets containing excess amounts of
lead oxide and oxygen ambient during deposition to over-
come the loss of Pb, can the PLZT films with perovskite
structure be successfully fabricated.7 Pyrochlore phase is still
frequently observed. Moreover the PLZT/Pt/Ti/SiO2/Si films
are suffering with the problems of short fatigue life, which is
ascribed to the undesired interaction between films and sub-
strates. Previously, ZrO2,8 CoSi2 ,9 and In2O310 thin films
were prepared on silicon substrates and used as buffer layers
for YBa2Cu3O7 films. Recently, SrTiO3 thin films have
emerged as the desired materials for buffer layer.11,12 Similar
SrTiO3 buffer layer has recently been employed to success-
fully suppress the formation of pyrochlore phase.13 The
genuine mechanism of SrTiO3 layer is, however, not clear.
All the above mentioned phenomena indicate that to investi-
gate the films to substrate interaction is the key to understand
the role of intermediate layer such as SrTiO3, Pt/Ti/SiO2/Si
on the growth behavior of PLZT films.
Pulsed laser deposition ~PLD! method has been used to
fabricate thin films of ferroelectric materials such as
BaTiO3,14–16 Bi4Ti3O12 ,17 PZT,6,18–23 and PLZT7,13,24 on
various substrates. This process has become increasingly im-
portant because of its use of small targets, high deposition
rate, and capability of forming thin films with proper stoichi-
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letter to prepare PLZT films for further investigation.
Sintered targets of PLZT ~5/70/30! and SrTiO3 were pre-
pared using a common co-precipitation and pyrolysis means,
respectively. These targets were analyzed by ICP-AES to
determine the relative ratio of Pb/La/Zr/Ti. The 308 nm out-
put from a XeCl excimer laser ~Lambda Physics, LPX 205i!
operating at 5 Hz and ;3 J/cm2 was focused onto the rotat-
ing target at an incident angle of 45°. The vaporized material
FIG. 1. X-ray diffraction patterns of a PLZT film ~5/30/70! deposited onto
~a! ~100! Si, ~b! Pt/Ti/SiO2/Si, and ~c! SrTiO3/Si at 550 ° C in 1 mbar of
oxygen and annealed for 10 min./95/66(2)/156/3/$6.00 © 1995 American Institute of Physics
ject¬to¬AIP¬license¬or¬copyright,¬see¬http://apl.aip.org/apl/copyright.jsp
FIG. 2. SIMS positive ion profiles of ~a! PLZT/Si, ~b! PLZT/Pt/Ti/SiO2/Si, ~c! PLZT/SrTiO3/Si; and negative ion profile of ~d! PLZT/SrTiO3/Si.was deposited onto ~100! Si, Pt/Ti/SiO2/Si, and SrTiO3/Si
substrates which were heated to 550 °C and placed parallel
to the target at a distance ;2.5 cm. The Pt/Ti/SiO2/Si sub-
strate was prepared using a dual-e-gun evaporator. The
SrTiO3 substrate was deposited by PLD technique ~650 °C, 1
Hz, 1 mbar of oxygen ambient! in situ before the deposition
of the PLZT film. Films thus deposited in an oxygen ambient
of 1 mbar pressure were subsequently annealed for 10 min in
a higher oxygen ambient of 1 atm pressure. Typically, 1200
laser pulses yielded films that were ;0.2 mm thick. The crys-
tal structure of the films was examined by x-ray diffraction
~XRD, Rigaku, Dmax/IIb!. Depth profile analyses were car-
ried out on a Cameca IMS-4f secondary ion mass spectrom-
etry ~SIMS! instrument.25
Figure 1 shows the x-ray diffraction patterns of the an-
nealed films deposited onto ~100! Si, Pt/Ti/SiO2/Si, and
SrTiO3/Si substrates, respectively. The XRD pattern of PLZT
film deposited onto ~100! Si @Fig. 1~a!# indicates that the film
is dominated by pyrochlore phase. The XRD pattern of
PLZT film deposited onto Pt/Ti/SiO2/Si @Fig. 1~b!# shows the
presence of both perovskite and pyrochlore structure. These
results agree with a previous study that PZT films grown on
Pt coated Si exhibited a perovskite-pyrochlore mixed
structure.6 The Pt/Ti/SiO2 coating on Si has enhanced the
formation of perovskite phase. Moreover, substantial amount
of rutile TiO2 is observed in this film. The XRD pattern of
PLZT film deposited onto SrTiO3/Si @Fig. 1~c!# indicates that
the film is of pure perovskite phase and is highly textured inAppl. Phys. Lett., Vol. 66, No. 2, 9 January 1995
Downloaded¬14¬Nov¬2007¬to¬140.114.72.112.¬Redistribution¬su~110!. No peak of pyrochlore is observable. These results
evidence the buffering effects of SrTiO3 layer. The larger
relative intensity of the ~110! peak in PLZT/SrTiO3/Si, in
comparison to that in PLZT/Pt/Ti/SiO2/Si, can be attributed
to the more pronounced effect of SrTiO3 surface on promot-
ing the nucleation of perovskite phase than the Pt surface.
SIMS depth profiles of the annealed films deposited onto
~100! Si, Pt/Ti/SiO2/Si, and SrTiO3/Si substrates were ob-
tained. The diffusion of Si atoms from the inner Si substrate
into the upper PLZT film is noted in the depth profile of the
PLZT/Si sample @Fig. 2~a!#. The 28Si1 ion counts have
dropped from ;63105 counts in the Si substrate to ; 23103
counts in the PLZT film with a reduction factor of ; 300.
Homogeneous distribution of Zr, La, and Ti through the
PLZT film is observed. The unusually high Zr content in Si
substrate is ascribed to the 30Si30Si30Si1 interference which
cannot be resolved under the experimental conditions used
~i.e., the mass resolution is ;300!. This is not the case for
Pb. The amount of Pb at the near-surface region is about one-
fifth to that at the PLZT/Si interface. These results indicate
that longer deposition time worsened the Pb deficiency prob-
lem. We ascribe this to the Pb loss occurred by volatilization
of PbO at high temperature under low oxygen pressure en-
vironment.
Depth profile of the PLZT/Pt/Ti/SiO2/Si sample @Fig.
2~b!# reveals similar phenomenon of Si diffusion from the Si
substrate into the upper PLZT film. The 28Si1 ion counts has
dropped from ;63105 counts in the Si substrate to ; 83102157Ling et al.
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counts in the PLZT film with a reduction factor ; 750. The
sharp increase in the profile of Si at ;0.4 mm and ;0.6 mm
correlates well with the oxygen distribution ~not shown!.
Therefore, these high intensities do not reflect the true con-
centration of Si. Instead, they merely indicate the existence
of matrix enhancement effect from interfacial oxygen. The
distribution and intensities of Ti, Zr, and La profile in the
PLZT film are similar to those in PLZT/Si. The Zr and La
counts reduce with a factor of ;103, while the Ti counts
remain at the same level in the Pt layer. The TiO2 phase
observed in Fig. 1~b! is, therefore, confirmed to locate at
PLZT/Pt interface and is, presumably, due to outward diffu-
sion of Ti from the layer underneath the Pt layer. The sharp
increase in the profile of Zr from ;0.6 mm to ;1.6 mm is
ascribed to matrix enhancement effect from the oxygen in
the SiO2. The distribution of Pb in the PLZT film appears
similar to that in PLZT/Si. The Pb deficiency in the near-
surface region is clearly observed. The sharp increase at ;
0.6 mm is also ascribed to matrix enhancement effect from
interfacial oxygen.
The PLZT films grown on the SrTiO3/Si substrate con-
tain mainly phase-pure perovskite structure materials. The
unusually high Sr content in Si substrate is ascribed to
28Si30Si30Si1 interference. The distribution and intensities of
Ti, Zr, La, and Pb profiles in this sample @Fig. 2~c!# are
similar to those in PLZT/Pt/Ti/SiO2/Si. Upon close inspec-
tion, a minor difference of a noticeable increase in the pro-
files of Zr and La at ;0.35 mm depth is observed. This
difference and the two bumps at ;0.05 mm and ;0.15 mm
in the profile of 28Si1 are all ascribed to matrix enhancement
effect from interfacial oxygen. These trace amounts of inter-
facial oxygen atoms presumably came from the depositing
ambient oxygen.
The major difference between the PLZT/SrTiO3 and
PLZT/Pt/Ti/SiO2/Si samples observed by SIMS lies in the
28Si1 profile. First, a plateau is present from ; 0.25 mm to
;0.35 mm region which corresponds to the SrTiO3 layer.
Second, the 28Si1 ion counts drop from ;63105 counts in
the Si substrate to ;23105 counts in the SrTiO3 and, readily,
to ;33102 counts in the PLZT film with a reduction factor
of ;2000. These results indicate that SrTiO3 with appropri-
ate thickness, i.e., at least 0.1 mm under the experimental
conditions used in these study, is capable of blocking the
diffusion of Si atoms. To confirm this speculation, negative
ion depth profile @Fig. 2~d!# was obtained to decouple the
matrix enhancement effect from oxygen. Both the presence
of a plateau and the drop of 28Si1 ion counts are confirmed.
These SIMS results show that the TiO2 phase formed at Pt
surface during the deposition is the actual layer which pro-
motes the nucleation of perovskite phase. However, the rutile
structure of TiO2 phase is far less effective in enhancing the
formation of PLZT phase than the perovskite structure of
SrTiO3 phase. Substantial amount of pyrochlore phase,
thereby, still exists in PLZT/Pt/Ti/SiO2/Si film. Moreover,
the Pt/Ti/SiO2 layer is not able to block the outward diffusion
of Si atoms into the PLZT film, which renders the PLZT film
easily being broken down under electrical stress.
In conclusion, phase-pure perovskite PLZT films were
deposited in situ onto SrTiO3/Si substrate by PLD from sto-158 Appl. Phys. Lett., Vol. 66, No. 2, 9 January 1995
Downloaded¬14¬Nov¬2007¬to¬140.114.72.112.¬Redistribution¬subichiometric targets. The PLZT films grown on ~100! Si and
Pt/Ti/SiO2/Si substrates exhibited a perovskite-pyrochlore
mixed structure. Apparent Pb deficiency at the near-surface
region was observed on PLZT films grown on all substrates
used in this study. This is ascribed to the Pb loss occurred by
volatilization of PbO at high temperature under low oxygen
pressure environment. The buffering effect of SrTiO3 was
evidenced using XRD and SIMS analyses. The diffusion of
Si atoms from the inner Si substrate to the outer PLZT film is
presumed to be the cause for the broken down of PLZT films
under electric stress. Further experiments are in progress to
investigate the effects of buffer layers composition and thick-
ness on the electrical properties.
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